MOTOR COIL-SHORTING DETECTING UNIT 



CROSS-REFERENCE TO RELATED APPLICATION 
The present invention is related to Japanese 
5 patent application No. 2000-127368, filed April 27, 2000; 
the contents of which are incorporated herein by reference. 



FIELD OF THE INVENTION 
The present invention relates to a coil short 
10 detecting unit, and more particularly, to a coil short 
detecting unit, that detects the existence of a coil short 
in a motor. 

BACKGROUND OF THE INVENTION 

15 Conventionally, a coil short in a DC motor is 

detected by using a sensor magnet, a Hall element, a 
controller or the like. Here, the sensor magnet, 

magnetized at multiple poles in the direction of rotation, 
is provided on a rotation shaft. The Hall element detects 

2 0 the rotation speed of the rotation shaft by detecting 
magnetic field changes due to the rotation of the sensor 
magnet. The controller determines a coil short by 
detecting rotation speed change due to the coil short. 
However, positioning the Hall element relative to the 

25 sensor magnet is difficult, and attachment requires high 
accuracy. Further, two parts, the sensor magnet and the 
Hall element, must be mounted, thereby increasing the 
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number of parts and assembly steps. This increases 
manufacturing cost . 

Furthermore, since the rotation-speed difference is 
small between normal operation and operation with a coil- 
5 short when the motor has no or light load, a coil short 
might not be detected during such or may be delayed until 
the load increases. 

SUMMARY OF THE INVENTION 

^ invention provides a motor coil-shorting detecting un^ii^that 
includes a motor having a wire wrapped about it^^rotor, a 
detecting means for detecting current or voltage supplied to 
the motor from a power source, and a determining means that 

15 determines a coil short. in the mptor, external electric 
power is supplied to the rota/, for rotation thereof, 
through a commutator provided yon the rotor and a brush that 
slides over the commutator . The determining means 

determines shorting h)r comparing the detected current or 

20 voltage with a pre/stored current or voltage supplied from 
the power sourc^l As such, the detecting means detects the 
current or tjae voltage supplied to the motor from the power 
source, and. the determining means determines a short of the 
coils by comparing the detected voltage or current and the 

25 pre-stored voltage or current supplied from the power source 
during normal operation. Therefore, one detecting means is 
J^Q3LL&ed^^ 
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In another aspect , the determining means determines a 
short based on ripple variations of the current value or 
voltage value supplied to the motor from the power source 
in. Here, the ripple variations are detected through the 
detecting means. Therefore, a short is determined based on 
the ripple variations of the current or voltage supplied to 
the motor from the power source. Here, the ripple 
variations during normal operation and those during a short 
are different. 

I-n— a~ne%her^^^ 

temperature correction circuit for correcting any pre«s,tMed 
reference current value or voltage value supplied/from the 
power source during normal operation accpfding to a 
circumferential temperature. Therefore^/the determining 
means includes the temperature cp-fxection circuit for 
correcting the pre-stored current or voltage reference 
supplied from the power source during normal operation. 
According to another asa^ct, the stop control means stops 
power supply for tjte6 motor when the determining means 
determines that tKe' coils has shorted. 

In another aspect, an abnormality informing means is 
provided^^c5r informing a user of motor abnormality when the 
coil snorting is determined by the determining means. 
Therefore, the abnormality informing means informs a user of 



^3 4aeasre~"t^rafc-^te 

xw stopping power supply for the motor ^eQ^Jth&--c~oxl shorting 



Further areas of applicability of the present 
5 invention will become apparent from the detailed 
description provided hereinafter. It should be understood 
that the detailed description and specific examples, while 
indicating preferred embodiments of the invention , are 
intended for purposes of illustration only, since various 
10 changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in the 
art from this detailed description. 



BRIEF DESCRIPTION OF THE DRAWINGS 
15 The present invention will become more fully understood 

from the detailed description and the accompanying drawings, 
wherein: 

FIG. 1 is a schematic view for a controller for a motor 
according to an embodiment of the present invention; 
20 FIG. 2 is a schematic view of a motor according to the 

present invention ; 

FIG. 3 A is a graph showing current variations during 
motor rotation for a normal case according to the invention; 

FIG. 3B is a graph showing current variations during 
2 5 motor rotation for coil shorting according to the invention; 

FIG. 4A is a graph of a current value during motor 
rotation during normal operation; and 
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FIG. 4B is a graph of a current value during motor 
rotation during coil shorting. 

DETAILED DESCRIPTION OF THE INVENTION 
5 As shown in FIG. 2 , a rotor 2 of the motor 1 is 

provided with coils 3a - 31 forming twelve magnetizing coils 
and a commutator 4 including twelve commutator segments 4a - 
41. Both ends of each of the coils 3a - 31 are connected to 
neighboring commutator segments 4a - 41, respectively. The 

10 motor 1 has an anode brush 5a and a cathode brush 5b that 
slides over the commutator 4 (commutator segments 4a - 41). 
Electric power is supplied to the brushes 5a, 5b from a 
controller 10 as shown in FIG. 1. 

The controller 10 has a driving circuit 11, and driving 

15 power is supplied to the driving circuit 11 from a power 
source 12. The driving circuit 11 is provided with first 
and second terminals. The first terminal is connected to 
the anode brush 5a through a current sensor 13, and the 
second terminal is connected to the cathode brush 5b. The 

20 current sensor 13 is provided between the driving circuit 11 
and the anode brush 5a through a coupling cable. The 
driving circuit 11 is controlled by the controller 14. That 
is, the driving circuit 11 supplies driving power to the 
brushes 5a, 5b based on the control of the controller 14, 

25 thereby controlling the rotation speed of the motor 1. 
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/fy The controller 14 determines whether or not the coils/3a - 
f| tr 31 has shorted based on the input detection signal^ 
f Here, FIG. 3A shows variations (ripple) of the 

5 current supplied to the motor 1 when th^e motor 1 rotates 
when all of the coils 3a - 31 are nonnal (the coils 3a - 31 
are not shorted). in the same drawing , an average current 
variation (in the present embodiment , an average variation 
of a ripple which is a mirfimum current value out of a max 
10 current value per unit/rotation) is indicated by "II". On 
the other hand, FIG< 3B shows the variations of the current 
when the motor j/ rotates when at least one of the coils 3a - 
31 is shorted. In the same drawing, the average current 
variatioir is indicated by "12" which is larger than "II". 
15 The reason is that current routes are changed between the 
original case (normal case) and when coils 3a - 31 are 
lortedv 

In the controller 14, the average current variation 
"II" during normal operation is stored as a first reference 
20 value. When an average current variation supplied to the 
motor 1 becomes higher than an upper limit determination 
value, set slightly higher than the first reference value 
"II", based on the detection signals from the current sensor 
13, the controller 14 determines that at least one of the 
25 coils 3a - 31 is shorted. Here, the controller 14 is 
provided with a temperature correction circuit 14a. Then, 
the stored first reference value "il" is corrected by the 
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temperature correction circuit 14a according to a 
circumferential temperature, thereby reducing adverse 
effects on determination due to circumferential temperature 
variations . 
- f *V -Wh^-^h^^^e^^ 

H motor 1 becomes less than a lower limit determination value, 
set slightly less than the first reference value "II", nfotor 
1 is determined to be under a rotation constraint condition 
due to its load. FIG. 4 A shows a current value during the 
10 motor rotation constraint due to its load in th/ normal case 
(when coils 3a - 31 are not shorted). In tKe same drawing, 
the current value is indicated by "13". /On the other hand, 
FIG. 4B shows a current value during the motor rotation 
constraint due to its load during shforting of the coils 3a - 
15 31. In the same drawing, the current value is indicated by 
"14" which smaller than normsQ. . The reason is also that 
current routes are changed/between the original case (normal 
case) shorting of coils/3a - 31. 

In the controller, the current value "13" during a 
2 0 normal state is ^tored as a second reference value. When 
current variation is lower than the lower limit value and 
becomes less/ than a determination value, set slightly less 

than a second reference value "13", at least one of the 

/ 

coils 3/k - 31 is determined to be shorted. The stored 
25 second reference value "13" is corrected according to a 
circumferential temperature by the temperature correction 

Lircuit™14^^ 
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temperature variations. When the controller 14 detepR^nes 
that the coils 3a - 31 are shorted in this^jttaliner , the 
controller 14 stops power supply to motor^l from driving 
circuit 11 , and turns on a warning 15. 

(1) The current sensor^ detects the value of the 
current supplied to the^^motor 1 from the power source, and 



the controller 14^determines a short of the coils 3a - 31 by 
comparxng tj^€ detection result from the current sensor 13 




10 and t^e pre-stored current value supplied from the power 

(2) The controller 14 is provided with the temperature 
correction circuit 14a for correcting the pre-stored 
reference current value supplied from the power source 

15 during normal operation according to a circumferential 
temperature. Therefore, the adverse effect on determination 
due to circumferential temperature variations is reduced by 
the temperature correction circuit 14a. 

(3) When the controller 14 determines that any one of 
20 the coils 3a - 31 has shorted, the controller 14 stops power 

supply for the motor 1 . 

which informs a user that the motor_X_is— malfunctioning when 
the controller l^^^^erffi'Ines that the coils 3a - 31 has 
2 5 ah^&feedrr^^ 

The embodiment of the present invention can be modified 
at least in the following manners. 
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In the above embodiment, the shorting is determined by 
using an average variation of a value which is a minimum 
value out of a maximum value per unit rotation. However, 
without limitation to this manner, shorting can be 
5 determined by using an average current variation per unit 
time, for example. Further, shorting can be determined by 
using maximum or minimum current value, or the both. 

In the above embodiment, the current sensor is 
provided between the driving circuit 11 and the anode brush 
10 5a trough the coupling cable. However, the current sensor 
13 can also be provided on the driving circuit 11. 

In the above embodiment, the current sensor 13 
detects the value of the current supplied to the motor 1 
from the power source. However, a shunt resistor is 
15 provided at the same position as in the current sensor 13, 
and the shorting determination can be made by using a 
voltage between both ends of the shunt resistor. 

In the above embodiment, the controller 14 is 
provided with the temperature correction circuit 14a which 
2 0 corrects the predetermined reference current value supplied 
from the power source according to a circumferential 
temperature. However, the controller 14 may not be provided 
with the temperature correction circuit 14a. 
V. tire-- —-afe ov^-^nifotsd^i^^ 

/ - 

^2fc determines that the coiJL^__3^i_ — —~ -3TT" have shorted , the 
control^ar - 'T9 s^^ops^power supply for the motor 1. However, 

1rhe^C'©.n^ 



9 



~ pfo ^^^^^^^ 

/\ user of motor 1 malfunction when cqilsu ^3a^^1fl are shorting, 

IV is provided, ^jaowev&r , sounds from a buzzer or the like 



While the above-described embodiments refer to 
examples of usage of the present invention, it is 
understood that the present invention may be applied to 
other usage, modifications and variations of the same, and 
is not limited to the disclosure provided herein. 
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